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To secure a silver deposit of neutral absorption the authors have used
elon developer. Ferrous oxalate developer is even better in securing
approximately non-selective densities.
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STELLAR IMAGES ON A PHOTOGRAPHIC PLATE
AS AFFECTED BY DEVELOPMENT

PRELIMINARY PAPER'

By F. E. Ross.

The size of the image of a star impressed upon a photographic plate
depends upon telescope, upon the star color and magnitude; upon the
exposure time, character of plate, developer and time of development. It
occurred to the writer since developers vary in their action upon the
latent image that possibly an extremely faint stellar image undevelopable
or at best ill-defined, through the action of one reducer, might be brought
out more strongly and made measurable through the reducing action of
another.

An artificial star cluster was used composed of nine holes of graduated
sizes arranged in a circle on a lantern slide plate with a close double star at
the center. This was placed at the end of a rigid tube 20 feet long, at
the other end of which was placed an especially well corrected photo-
graphic objective of aperture ratio 5.3 and focal length 6 inches. The
illumination was furnished by a tungsten lamp and a diffusion screen.
Such an exposure was given as to make the smallest artificial star just
visible or on the threshold of vision when developed. Among the
developers tried were: Pyro, Caustic-Hydrochinon and Metol-Hydro-
chinon (MQ)-25; the development time was varied in each case. The
conclusion was that there is very little difference in developing a threshold
star or a just discernible but unmeasurable image. The writer is tentatively
of the opinion that Pyro developing for a comparatively short time to a
contrast of about unity gave the best results of any in this respect. This
needs to be checked, however.

Communication No. 47 from the Research Laboratory of the Eastman Kodak Co. Presented before
the Optical Society of America at the New York meeting held December 28, 1916.
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Of more immediate importance is the question as to the developing
power on star images one step removed from threshold or images which
are really measurable. As to this question there is no doubt in the writer's
mind but that Caustic-Hydrochinon proved in the test to be the superior
of any developer tried. There is a jet blackness about star images developed
with this reducing agent which holds down to the faintest measurable stars.
With other developers the faint images become gray and diffuse, without
the solid black centers formed with the Caustic-Hydrochinon. The devel-
opment, as with all developers, should be pushed to the limit to make
measurable the faintest stars. This point will be returned to again.

A matter of probably greater importance is connected with the accuracy
of measurement of star images. Is there a choice of developers and develop-
ment time where extreme accuracy in the measurement of the distance
apart of stellar images is sought?

When the images to be measured are far apart, several factors enter
into the accuracy with which their distance can be determined. One of
the most important is the distortion of the film. When the original emul-
sion has been evenly dried on the plate by the maker, and when the user
of the plate likewise dries it evenly after development and washing, dis-
tortion errors are inappreciable. The most serious error remaining is that
due to the frequent uneven borders of a star image, making its bisection a
matter of some misgivings. Little is known as to the cause of this phenom-
enon. Possible explanations are: Non-symmetry in the light such as is
produced by coma in a telescope; purely chance distribution of the silver
grain; lack of uniform setting of the emulsion, so that small regions abound
where there is a scarcity of silver bromide grain; lastly, action of the
developer, which is the effect now to be considered.

An instrument has recently been designed by Dr. P. G. Nutting and
the writer to accurately measure the sharpness of images on a photographic
plate. In order to overcome the lack of definition of a lens system, contact
prints of an accurate knife edge were made on photographic plates. The
action of developers was studied on these prints, the density gradient being
measured in each case. It was found that the Caustic-Hydrochinon
developer gave the sharpest edge of all those tried. The presumption is
therefore strong that the ragged edge effect in a star image would be less
marked when this developer was used, and, if less ragged, greater accuracy
in measurement should be obtained. To actually test the matter, 20

images of the cluster were photographed on 4 plates, in the long camera
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described above. The plates were developed in Caustic-Hydrochinon and
Pyro for 2 and 8 minutes. The distance between adjacent stars was then
measured for all the clusters on a comparator, means taken, and the probable
error of a single measure of distance deduced. The results are shown in
the following table, where the mean value from 4 separate star pairs is
given. Each probable error, therefore, depends upon 8o measures.

PROBABLE ERROR OF A SINGLE MEASURED DISTANCE.

Only one bisection of each single star was made. Average
Distance between stars = Y mm. p. e. distance

Plate developed in Pyro for 2 minutes ............ I . 56/ 24I . I/

Plate developed in Pyro for 8 minutes ..... ....... I .46 24I .5
Plate developed in Caustic-Hydrochinon 2 minutes I .09 240.8

Plate developed in Caustic-Hydrochinon 8 minutes I .33 240.7

Considering the average distance obtained first, there appears to be a
systematic difference in the measured distance depending upon the developer,
but not the time of development. This result, however, needs to be checked
by a longer series of observations. Under conditions actually existing in
astronomical work, the systematic development error should be larger than
here indicated, since these experiments were performed under exceptionally
favorable circumstances. Concerning the accuracy of measurement under
different development conditions, there does not appear to be a doubt.
Unquestionably the images developed for 2 minutes in Caustic Hydro-
chinon have been measured with the greater accuracy. Since the probable
errors given include the accidental errors of observation the relative de-
velopment errors will be much larger than the ratio of the above numbers
indicate. This result is supported by two other independent lines of
evidence. First the sharpness of knife-edge prints developed in Caustic-
Hydrochinon exceeded that obtained with any other developer. Second,
the cleanness of the stellar image on these plates is such that greater accuracy
in their measurement is at once apparent.

An important corollary, deducible from the smallness of the probable
error of a single distance, is that there is no sensible distortion of the film.
What might be confused with such local distortion are: edge effects due
to developer, non-uniform distribution of grain, and instrumental aber-
rations.
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Evidently the question as to how far the development of stellar plates
should be carried is an important one, when the accuracy of their measure-
ment is the main consideration. If development is pushed to the limit, the
outermost border of the image, where there is very little gradation of light,
is developed, with the result that fuzzy edges are obtained. But if only the
central portion of the latent image is developed, as happens when a short
development time is chosen, the edges are sharp and contrasty, because in
that case development stops on the steep portion of the light curve.

The rate of growth of the image with increasing intensity or exposure
time is a simple phenomenon. The rate of growth with development time
appears to be more complex. One might expect, for example, that all develop-
ers would give the same size of image if the development times were
chosen so as to give equal contrast or gamma2 in the Hurter and Driffield
system. But such does not appear to be the case. With Pyro and M.Q. 25

as a developer, doubling gamma does not affect the size of the image to any
proportionate extent, while with Caustic-Hydrochinon and others the size
increases steadily and rapidly with the development time. The exact
relationships are being obtained. The effect of wave length is also to be
considered. It has already been shown by the writer that a knife-edge
print on a plate exposed to blue light gives a much sharper edge than when
the same edge is exposed to green or red light. The maximum sharpness
has been found for all emulsions at wave length 400,u, the minimum at
500 the difference amounting to 300 per cent.

Through the double star forming part of the cluster, data have been
obtained on the resolving power of plates as affected by development. It
is commonly supposed that close double stars cannot be resolved on the
photographic plate, and the emulsion has been blamed for this ineffective-
ness in double-star investigation. But the result obtained by the writer
shows that the blame must be placed elsewhere, probably upon the tele-
scope and the atmosphere. For with Seed 23 plates, resolution of the two
components of the double star was sharp and unmistakable, although
separated by only 0.027 mm. Now in a telescope of i 8 meters focal length
this corresponds to an angular separation of o."3o. If the finer grained
lantern slide plate is used, the resolving power is twice this amount. In

2 Gamma is by definition the tangent of the slope of the straight line portion of the curve made by
plotting density against logarithm of exposure.

3 Since this was written the writer has obtained resolution of double stars, the distance between whose
centers was but i i p. Seed lantern plates were used.
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other words, double stars of only o."i5 separation could be resolved and
measured provided this does not exceed the visual resolving power of the
telescope. The two components should be nearly equal in size, which
would, of course, limit the application of the photographic method.

Formula for Caustic-Hydrochinon:

SOLUTION A

Hydrochinon ..... .............. I oz.
Meta-bisulphite of Potash .................. I oz.
Bromide of Potash .................... I oz.Water.. .. ............... 4Oz.

SOLUTION B

Caustic Potash.........
Water................. ................. 2 oz.

................. .40Oz.

Use equal parts and develop at 65 4 2 . Rinse one minute before fixing.
used in place of Potash.

Caustic Soda may be
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ABSTRACTS
A PROPOSED METHOD FOR THE PHOTOM-

ETRY OF LIGHTS OF DIFFERENT COLORS.
I. G. Priest, Phys. Rev. 9, p. 341, April 1917.
The color difference is eliminated by means of the
rotatory dispersion of quartz. Light from the
comparison source is polarized by nicol no. 1; a
quartz plate rotates the plane of polarization
differently for various wave-lengths; the color of
the comparison field is then varied by a second
nicol behind the quartz plate, and its intensity is
varied by a third nicol. Its intensity is computed
from the visibility of radiation curve, the spectral
energy curve of the source, the spectral rotation
of the plane of polarization by the quartz, and the
angles of rotation of the nicols. A test showed the
method to agree very well with an equality of
brightness determination with color difference pres-
ent.

STUDIES OF THE ULTRAVIOLET TRANS-
PARENCY OF CERTAIN COLORED MEDIA.
H. W. L. Absalom, Phil. Mag. 33, p. 450, May 1917.
By means of a quartz spectrograph, the wave-
lengths in the ultraviolet at which absorption begins
was determined for a number of gems, minerals,
and solutions of metals in liquid ammonia. One
general result is that transparency far into the
ultraviolet is much more commonly met with in
the case of color due to cooloidal metals than has
been found to be in ordinary colored salts or aniline
dyes.

THE ROTATION OF PRISMS OF CONSTANT
DEVIATION. W. E. Forsythe, Astrophys, J. 45,
p. 278, May 1917. It is shown that if a constant
deviation prism be rotated about the line of inter-
section of the bisector of the ninety degree angle

of the prism and the reflecting face, the prism will
remain in the position of minimum deviation for
all wave-lengths; i. e., there will be no lateral shift
of the beam. By the aid of diaphragms, the prism
may also be adjusted so that the telescope objective
is illuminated symmetrically.

THE PHYSICAL BASIS OF COLOR TECH-
NOLOGY. M. Luckiesh, J. Frank, Inst. 184, p.
73, July 1917. The author reviews the various
methods of analyzing color, of which the most
important is the spectro-photometric. The three
classes of colored media, namely pigments, dyes
and vitrifiable colors are discussed and the bases
of their colors and the factors influencing them are
given.

The spectral analyses of a number of pigments
are presented, together with their luminosity curves
and reflection factors for the common illuminants.

A POLARIZATION FLICKER PHOTOM-
ETER AND SOME DATA OF THEORETICAL
BEARING OBTAINED WITH IT. H. E. Ies,
Phil. Mag. 33, p. 360, April 1917. The polarization
flicker photometer is a combination of a double
image prism with a rotating nicol prism. The
double image prism superposes the horizontally
polarized image of one half the photometric field
upon the vertically polarized image of the other
half. The nicol prism as it rotates alternately
extinguishes each image, the one fading gradually
into the other, with entire absence of any mechan-
ical edge effect. The brightness of the image of
each half of the photometric field varies as the
square of the cosine of the angle of rotation of the
nicol.

This photometer has been used to verify the
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